In this paper, a series of experiments were carried out on the air concentration distribution. In the cavity zone, the air bubble frequency distribution was similar to the air concentration distribution. The air bubble frequency increased from the bottom and then decreased near the unaerated black water region. The position of the maximum air bubble frequency f max moved downwards. At the air-water cross section, the relationship between the air bubble frequency and the air concentration was self-similar, the position of the maximum air bubble frequency caused by the air-water discontinuity gradually approached C = 0.50 with the development of aeration. Meanwhile, the dimensionless air bubble frequency in the cavity zone followed a parabolic function.
Introduction


As a clean and safe energy, hydroelectric power, together with thermal power and nuclear power, constitutes three central pillars of the power in today's world. The cavitation damage often takes place in spillways tunnels with high-speed flows, so it is necessary to avoid the potential risk of cavitation erosion. The air concentration near the bottom of 1-2% reduce substantially the cavitation erosion and above 5-7% no erosion was observed. Therefore, spillways and flood-discharging tunnels are usually equipped with chute aerator, which is quite widespread as it has been proved to be a successful countermeasure in the Grand Goulee Dam since 1960 [1] . Chute aerators separate the flow from the chute bottom, and air can enter into the flow through the lower surface in the cavity zone due to high turbulence eddies close to the air-water interface [2, 3] .
Chanson [4] [5] [6] focused on the air concentration distribution and the velocity distribution in the cavity and divided the air entrainment process into four parts: jet entrainment, air entrainment through the upper and lower free surfaces of the jet, plunging jet entrainment at the intersection and the rollers, and air recirculation in the cavity below the jet. Chanson [4] and Kramer et al. [7] found that a strong de-aeration process occurred downstream of the impact point and indicated that the strong de-aeration could be observed at the free surface. Pfister and Hager [8] also found the bottom air concentration decreased near the jet reattachment. The studies of Pfister and Hager [8] [9] [10] described the air concentration characteristics in both the near and the far aerator fields based on an extensive test program and divided the air transport downstream of chute aerators into three zones: jet zone, reattachment and the spray zone, and far-field zone.In this paper, we focused on the air bubble frequency distribution in the cavity zone.
Hydraulics Model
The experiments were conducted in a rectangular chute that was 0.25 m wide and 5 m long, which was fabricated from PMMA. The roughness height of the chute was 0.01 mm. Water discharge up to 500 L/s was supplied by a constant head system and measured to an accuracy of ±1% with a rectangular sharp-crested weir. The cavity was kept sufficiently open to the atmosphere so that the pressure in the The air-water flow surface was defined along the isoconcentration lines of C = 0.90 [12, 13] . Pfister and Hager [9] Hence the scale effect was argued to small.
Experiment Results
The flow to the chute was fed through a pressure inlet and the approach flow was unaerated. As the upper and lower aeration thickness increased in the streamwise direction, the thickness of the core of unaerated black water between the lower and the upper aeration regions gradually decreased. In all of the experiments, the core of unaerated black water extended along the chute for a distance downstream of a specific location, as shown in Fig. 2 , so the effects of the upper jet could be neglected for an independent study of the lower jet. The air-water flow structure downstream of the chute aerator is shown in Fig. 2 . In the cavity zone, air was entrained into the flow along the lower jet trajectory from the air inlet behind the aerator. The profile of x/L = 0.19 indicated that little air was entrained into the flow through the lower surface and the section consisted almost entirely of unaerated black water. Even where the lower jet impacted the chute bottom at x/L = 1, unaerated black water predominated, as shown in Fig. 3 .
In the cavity zone, the air bubble frequency distribution was similar to the air concentration distribution, as shown in Fig. 4 . The air bubble frequency increased from the bottom and then decreased near the unaerated black water region. The position of the maximum air bubble frequency f max moved downwards. In the cavity zone, the position of the maximum air bubble frequency was generally in the region of high air concentration, where bubbles were the main type of air-water structure because of the water drops.
Conclusions
Self-similarity, closely linked with dynamic similarity, is a powerful tool in turbulence flow research and high-velocity air-water flows. At the air-water cross section, the relationship between the air bubble frequency and the air concentration was self-similar; the position of the maximum air bubble frequency caused by the air-water discontinuity gradually approached C = 0.50 with the development of aeration. Meanwhile, the dimensionless air bubble frequency in the cavity zone followed a parabolic function of / 4 1 ), as shown in Fig. 5 .
